Introduction
In the past century, demographers focused on the total size of the population and fertility rate. However, today, as May (2012) points out in his book "World Population Policies," their main concern is the composition of the population, namely age groups and their interrelations. Examining the shape of the population pyramid helps to clarify the current demographic situation, excavate past events, and forecast future trends (e.g., Bivand et al., 2017) . Moreover, advances made in the Compositional Data Analysis (CoDA) (Aitchison, 1986; Aitchison and Egozcue, 2005; Pawlowsky-Glahn et al., 2015) , which we describe later, enable a comprehensive examination of population structure without focusing on a particular age group or the total size.
When considering international policies and global visions, analysis at the aggregate level is necessary. As such, it is important to consider the world population structure as a decisive and highly influential element in global progress. A holistic vision of how the world population will shift through the decades can hint towards the dominant demographic trend at different periods, and thus provide a roadmap by which international organizations and world leaders can design international policies and set sustainable development goals.
In this article, we create maps that showcase the countries that epitomize the world population through time, illustrating how the world population structure has changed since 1990 and how it will transition in the next half century. Rather than examining each age group separately, we focus on population composition ratios and the relative transition of age groups.
To answer this question, we search for an epitome of the world by investigating the similarity of population structures between countries in 2015 and the world in different years ( Figure 1 ).
We first present the data and methodology employed. Then, based on the analysis, we showcase the countries that epitomize the world population structure from 1990 to 2080 and their characteristics. Finally, we discuss and summarize the results using a cluster analysis of the population on an international level. 
Methods and Materials
Few population studies employ composition ratio data of the population. As far as the authors know, the studies by Loyd (2010; 2016a; 2016b) and Lloyd et al. (2012) are the only ones that focus on the spatial concentration of the population and target the population at the regional or national levels in the United Kingdom. In this article, we also take advantage of the characteristics of population composition ratio data to compare the population structure at global and international levels. This comparison and finding an epitome of the world can help identify the demographic characteristics of the world by examining the present characteristics of a country that epitomizes the world. Specifically, it is possible to determine which country or region currently has a population composition ratio similar to that of the world over time, as illustrated in Figure 1 , by measuring the distance between population composition ratio data (vectors). To account for the characteristics of the compositional data (CoDa), we employ the Aitchison distance, as explained later. We calculate the Aitchison distance between the population ratios of each country in 2015 and the population ratios of the world from 1990 to 2080 every ten years. To summarize and create a comprehensive epitome of the world throughout all years, we performed hierarchical clustering based on the similarity between the population structures of countries in 2015 using Aitchison's distance.
Compositional data analysis and Aitchison distance
The population composition is CoDa, which are multidimensional data consisting of ratios (Aitchison, 1986) . A fundamental feature of CoDa is that each component is subject to a positive number constraint and constant sum constraint. 
where superscript t denotes an operator representing a transpose of a vector and k is a constant, for example, k = 1 when the component is expressed as a ratio, and k = 100 when expressed as a percentage.
In the statistics field, CoDA refers to using ratio data such as that of population composition.
These population composition characteristics provide us with the benefit of using CoDA in population analysis when focusing on the population composition ratio, as it enables a comparison of population pyramids, regardless of the total population size.
We explain the distance index used to measure the similarity of population composition ratios among countries and regions. For CoDa, Aitchison's distance dAit expressed in equation (2) is widely used: (3):
Euclid distance dEuc is an index focusing on the difference between values of components, while Aitchison's distance focuses on the difference of the relative values of the components, or, in other words, how many times is the difference between the values of the component (Aitchison et al., 2000; Otero, 2005; Lovell et al., 2011; Pawlowsky-Glahn et al., 2015; Seya and Yoshida, 2017 for examples on comparison between dAit and dEuc).
Demographic composition
The data used in this analysis were the population projections from the "Quinquennial Population by Five-Year Age Groups-Both Sexes. De facto population as of 1 July 2015 classified by five-year age groups (0-4, 5-9, 10-14, ..., 95-99, 100+)" (United Nations, 2015).
The 2015 revision covers a 150-year time horizon subdivided into past estimates and future projections ( 
Results and discussion
The purpose of this article was to identify the epitome of the world population throughout the years from the recent past (1990) to the distant future (2080) based on population composition ratios to study the characteristics of the global population and its transition. We calculate the Aitchison distance, and by examining the differences between the 1 For detail on the aggregation of regions with populations of fewer than 90,000 see United Nations (2015).
shapes of the population pyramids, only pick up countries for which the Aitchison distance is smaller than one, as the shapes of the pyramids are not similar when it exceeds one ( Figure 2 ).
We focus only on the medium-fertility variant, which is regarded as the most likely compared to extreme low and high variants. In Table 1 , we only mention countries with a distance smaller than one, and include those beyond one starting with 2060 to highlight countries similar today to the world of the distant future. Figure 3 depicts the similarity of the world population to each country every ten years using the world map, and Figure 4 shows the population pyramids of the world at each period and the most similar country in 2015. Figure 5 shows the transition of the Aitchison distance for countries most similar to the world throughout the years. At each point where the Aitchison distance is the smallest, the corresponding country depicts the population composition ratio of the world at that point in time. Next, we examine each period and the countries and regions that epitomize the world and elaborate the results. In terms of the population structure in Latin America, the young population, which increased over the past century, is expected to decrease in the next fifty years. The adult population increased in the first period, and is expected to continue increasing in the next period. to a strong economy and social mobility combined with technological and medical advances.
The epitome of 2040
In this period, New Zealand, the United States, and Australia are the most similar countries. As a developed country, New Zealand has a relatively high fertility rate of 2.05 for the 2010-2015 period. New Zealand, similar to other developed countries, underwent demographic transition, but never experienced a natural decrease, making a natural increase the main factor in population growth. On the other hand, migration is unstable (a negative net migration rate in , and added to age-selective emigration at the subnational level, might be the driver of its structural aging, rather than the conventional factor, namely low fertility.
Since 2005, net migration has been the main driver of population growth in Australia, rather than a natural increase. The non-working age population (mainly those aged more than 65 years old) has been growing faster than the working age population over the past twenty years. In the last five years, the growth rate of the former is 2.3 percent, whereas the latter only grew 1.2 percent (Australian Bureau of Statistics, 2015).
The United States has doubled in size since 1950, while its industrialized counterparts have experienced slow growth during the same period (Germany: 16 percent, Italy: 28 percent).
In addition to societal adaptations such as better access to child care and more involvement of males in the household, this is due to the differential fertility rates for ethnic and racial groups These two countries do not seem to be an appropriate fit as epitomes of the world in 2050. However, their population structure indicates that immigration issues and history can explain their similarity to the world of 2050.
The demographic structure and growth of Uruguay is distinct from its Latin American context, and similar to that of Western Europe. One reason is the cultural influence of the early intense European immigration on the scattered population, which marked an early adaptation of the European social model. (In 1950, the total fertility rate of Europe and Uruguay was 2.7, and 5.9 in Latin America and the Caribbean.) Furthermore, intense urbanization prevented the development of rural areas where reproduction levels would be high. Adding to the latter, an authoritarian regime that ended in 1984 followed by slow democratic reform resulted in an intense emigration movement. Age-selective emigration and emigration in blocks (emigration of the entire family) have decreased the juvenile and working population. Coupled with the low fertility rate and high life expectancy, the aging population has become a significant issue for policy makers in Uruguay.
Similarly, Puerto Rico's population is shrinking. The natural increase in population is one reason for this loss. The birth rate has been declining, and an aging population has increased the death rate, leading to a negative natural population increase over the past four decades.
Granting the people of Puerto Rico with U.S. citizenship in 1917, and the introduction of lowcost flights have improved the freedom of movement between the island and the U.S. mainland, making emigration -mainly of those aged 16-30 years-a major driver of the sharp decline in population. and of the acceleration of the aging process of the population.
"Although the populations of all countries are expected to age over the foreseeable future, the population will remain relatively young, at least in the short term, in countries where fertility is still high" (United Nations, 2015) . This is a combination of the characteristics of more developed regions and less developed regions, making Uruguay a pertinent result as the epitome of the world in 2015 as it is a developing country following a European demographic model.
The epitome of 2060 and beyond
Beyond 2060, the number of similar countries declines again, and Puerto Rico remains at the lead. However, from 2080, Japan takes the lead followed by Italy, the two countries that today suffer most from shrinking populations and rapidly expanding aging populations. The population aged 60 years and more is the fastest growing and expected to increase to 3.1 billion by 2100 (United Nations, 2015) . However, when considering changes in life expectancy, the speed of aging-likely to accelerate in the upcoming decades-will decelerate by 2050 (Lutz et al., 2008) . Forecasting the distant future is a challenging task yielding mostly uncertain results, since it requires a preliminary forecast of the near future, which is also pending.
A comprehensive epitome: Cluster analysis
We conducted a cluster analysis to summarize the findings. We employ the Ward method based on the calculation algorithm proposed by Murtagh and Legendre (2014) . From the generated cluster map, we identified seven types of clusters. Clusters 1, 2, and 3 have a population structure with a pyramid shape, characterized by both high birth and mortality rates. This is characteristic of Sub-Saharan Africa, the Middle East, South-Eastern Asia, and a few countries in southern Asia including Afghanistan and Pakistan. It represents the trend that was most dominant of the world population structure in the past (before 1990).
Cluster 2 was identified as a sub-cluster of Cluster 1, with a relatively high population. These clusters have long suffered a high mortality rate in the past decades, but also have a large productive population (high fertility rate), which has resulted in a large juvenile population (United Nations, 2015).
The population structure of Cluster 4 has a bell shape. It is characterized by high birth and mortality rates and a stagnant population. Representative areas are China, North Africa, Southern Asia, Brazil, India, Central Asia, and South Africa. While these areas have a high birth rate, they face a high mortality rate (United Nations, 2015) . This cluster represents the world at the beginning of the century.
The population structure of Cluster 5 has a spindle shape. It is characterized by a declining juvenile population and growing aging population, a low birth rate, and a declining population. Representative areas are Latin America and Israel. These countries are not yet in the phase where the aging population is dominant; however, the trend cautions for that risk.
This cluster represents the world in the present and the near future.
The population structure of Cluster 6 has a star shape. It is characterized by a small juvenile population, a small aging population, and a large-working population. Representative areas are Russia and Western Europe. Furthermore, this cluster does not represent the world at any period, and represents a recessive population structure. The cluster is classified by the UN as economies in transition, which might clarify the peculiar population structure of the cluster.
The population structure of Cluster 7 has a coffin shape. It is characterized by drastically declining birth and population rates, and extreme growth of the aging population.
Representative areas are Japan, Europe, North America, and Oceania. The world is heading towards this structure in the distant future.
Conclusions
Focusing on the total size of the population or on one particular age group is not sufficient to comprehensively forecast demographic changes. At the same time, studying all age groups simultaneously through multiple periods is a challenging task. Therefore, we took advantage of CoDA to examine the transition of the world population as a structure from 1990
to the end of the 21 st century by comparing the world population structure of each period to that of countries and regions in 2015. We found that in 1990, the world was most similar to India, Algeria and Egypt, which clarifies that the demographic characteristics of the world at that time were a relatively high fertility rate, small aging population, and large juvenile and working population. The world has not yet achieved demographic transition. In the present period and near future (2015) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) , the world is most similar to Latin American and the Caribbean countries, where the young population is still relatively high, although the trend is converging towards an aging population. In 2040, the world is most similar to developed countries (New Zealand, the United States, and Australia), where the population is still growing because of a natural increase and net migration, and where the aging population is relatively high, but not as high as in Japan or Italy. In 2050, something interesting occurs. Where developed countries were expected to appear, especially those in aging Europe, the most similar countries were Uruguay and Puerto Rico. In these countries, the population is shrinking and aging, not because of a natural decrease, but because of intensive age-selective migration and the strong early European influence in the case of Uruguay. In 2060 and beyond, the similarity of the world to other countries becomes difficult to ascertain, as the dissimilarity of the shapes of the pyramids is remarkable when the Aitchison distance is higher than one. However, in order of similarity, Japan and Italy emerge at the top of the list, confirming the forecast of a stagnating or shrinking world population in the distant future, with an all-time high rate of the aging population.
In this research, based on the characteristics of population composition ratio data, an analysis was conducted using the Aitchison distance, a basic distance index in CoDA. However, 
